The present research work demonstrates an analytical method development for simultaneous estimation of Rifampicin (RIF) and its bioenhancer; 3',5dihydroxyflavone-7-O-β-D-galacturonide-4'-O-β-D-glucopyranoside (CC-I) in combined dosage form using Q-absorbance ratio concept. While method development, two different wavelengths one representing Iso-absorptive point (370 nm) and other representing the λmax of Rifampicin (239 nm) were used. Optimum response was obtained in solvent system that comprises methanol and water in ratio of 80:20 v/v. Proposed UV method was found to be linear over the concentration range of 2-20 µg/ml for Rifampicin and that of 1-24 µg/ml for CC-I. On the basis of recovery studies after standard addition, accuracy of proposed method was found to be in between 99.94 to 100.30 and 99.90 to 99.96 % for RIF and CC-I respectively. Intra-day precision of the method in terms of % relative standard deviation was found to be in between 0.21 to 1.36 and 0.21 to 1.77 for RIF and CC-I respectively. Inter-day precision range of the method for RIF and CC-I was found to be in between 0.13 to 1.94 and 0.11 to 1.58 respectively. LOD and LOQ of proposed UV method were 0.043 and 0.014 µg/ml for RIF and 0.37 and 0.12 µg/ml for CC-I. Proposed UV method was robust and rugged in nature. Proposed method was successfully used for the estimation of RIF and CC-I contents of in-house formulation consisting of APIs and the common excipients.
INTRODUCTION
Rifampicin (Fig.1 ) is a complex macrocyclic bactericidal antibiotic drug of the rifamycin group, listed in the WHO list of essential medicines 1 . It is widely used as the 1 st line drug in the treatment of tuberculosis worldwide. Orally, RIF is a poorly bioavailable drug. Since long, several attempts viz. particle size reduction, solubility enhancement, formulation modification etc. 2 have been made to improvise the oral bioavailability of Rifampicin. Recently, herb-drug combinations are found to be a useful strategy to enhance the drug bioavailability [3] [4] [5] . In our earlier studies, a flavonoid glycoside (Fig.2) from Cuminum cyminum seeds identified as3',5-dihydroxyflavone-7-O-β-Dgalacturonide-4'-O-β-D-glucopyranoside (CC-I) showed 53% enhancement in oral bioavailability of RIF 6-8. Considering the therapeutic need of improvised and consistent oral bioavailability of Rifampicin, in-house formulation comprising RIF and CC-I was developed. For the routine analysis of the said formulation, it was envisaged that development of simple, accurate, precise yet sensitive UV-visible spectrophotometric method with ability of simultaneous estimation of both RIF as well as CC-I will be worth.
MATERIALS AND METHODS

Instrumentation
A double beam UV-visible spectrophotometer (V-530, Jasco) with spectra manager software was used for the method development and validation. Matched quartz cells with 3 cm height and 1 cm path length were used for spectral measurements. Analytical balance (Vibra HT, Essae) was used for the weighing purpose.
Material
All chemicals and reagents used for the method development purpose were of analytical or HPLC grade. Pure RIF standard was purchased from the TCI chemicals (INDIA) Pvt. ltd.
The CC-I standard was obtained as a gift sample from Natural Product Chemistry Division of Indian Institute of Integrative Medicine, Jammu & Kashmir, India.
Preparation of standard stock solution
Rifampicin and CC-I was weighed separately (5 mg each) and transferred to the 5 ml pre-calibrated volumetric flasks and dissolved in 5 ml mixture of methanol and water (80:20v/v) to achieve a stock solution of 1000 μg/ml (Stock-1). Stock 1 was suitably diluted to achieve solution of 100µg/ml (stock 2).
Determination of maximum wavelength (λmax)
Stock-2 of RIF and CC-I was diluted suitably so as to obtain solutions of 10μg/ml strength. Resultant RIF and CC-I solutions were scanned over wavelength range of 800 to 200 nm using medium scanning speed. Obtained spectra were analyzed using Spectra Manager software and the λmax were identified.
Preparation of calibration curve
Stock 2 of RIF was diluted suitably so as to achieve seven different calibration standards representing 2, 4, 6, 8, 10, 12 and 20 μg/ml strength whereas Stock 2 of CC-I was diluted to obtain calibration standards with 1, 2, 4, 8, 12, 16, 24 µg/ml strength. From the full spectrum measurement mode ( Figure 3 
UV-spectrophotometric method
Q-Absorption ratio analysis method
Q-Absorption ratio method comprises the use of ratio of absorption at two selected wavelengths (one representing Isoabsorptive point and other representing λmax of one of the two components). Proposed method is applicable to the drugs that obey Beer's law at all wavelengths and the ratio of absorbance at any two wavelengths is a constant value, independent of concentration and path length. The solutions of 14μg/ml and 24μg/ml for RIF and CC-I were scanned in the wavelength range of 400 to 200nm to obtain overlain spectra ( fig 5) . Two wavelengths, 370nm as Iso-absorptive point and 239nm (λmax of rifampicin) were selected for the formation of Q-absorbance ratio equation.
The concentration of the individual components was calculated by using the following equations; Cx = Qm-Qy/Qx-Qy) ×A1/ax 1(Eqn.3) Cy = Qm-Qy/Qy-Qx) ×A1 /ax1 (Eqn.4)
Where, Qm = A2 /A1, A 1 is absorbance of sample at Iso-absorptive point, A2 is absorbance of sample at λmax of one of the two components, Qx = ax2 /ax1, Qy = ay2 /ay1, ax 1and ax 2 represent absorptivities of RIF at λ1 and λ2, ay 1 and ay 2 denote absorptivities of CC-I at λ1 and λ2 respectively; Cx and Cy be the concentration of RIF and CC-I respectively.
Validation of UV-visible spectrophotometric methods
The developed method for simultaneous estimation of RIF and CC-I was validated as per ICH guidelines. Different parameters like linearity, accuracy, precision, robustness, and ruggedness, limit of detection (LOD) and limit of quantification (LOQ) were evaluated [9] [10] [11] .
Linearity and Range
Linearity of the proposed UV method was established using seven different CAL STDs of RIF and CC-I. CAL STDs of RIF and CC-I were analyzed at respective wavelengths of maximum absorbance.seven points calibration curve of RIF between the range 2-20 μg/ml and CC-I between the range 1-24 μg/ml were plotted Calibration curves in terms of absorbance vs. concentration plots were developed and subjected to linear least square regression analysis. R square value was considered to be important factor for establishing linearity of the proposed method. The interval between upper and lower concentration limit with acceptable linearity was reported to be the range of the proposed UV method.
Accuracy
Accuracy may often be expressed as % recovery by the assay of known added amount of analyte. To ascertain the accuracy of the proposed methods, recovery studies were carried at three different levels (80%, 100% and 120%) of its predefined concentration. To the predefined concentrations, different amounts of RIF and CC-I were added (standard addition method) and the accuracy was calculated on the basis of percent recovery. For calculating the percent recovery following formula was used.
% RC= (SPS-S/SP) × 100 Where, SPS = Amount found in the spiked sample S = Amount found in the sample SP = Amount added to the sample % RC = Percent recovery
Precision (Inter-day and Intra-day precision)
The precision of the proposed UV method was established by performing intra-and inter-day UV analysis of predefined samples. The study was performed at three concentration levels (Rifampicin: 2, 8 and 14 μg/ml and CC-I: 1,8,24 µg/ml). Samples (n=3) were analyzed at three different time intervals of a day. Study was repeated on three consecutive days. Deviation in the results was calculated in terms of % relative standard deviation (% RSD).
Robustness
Robustness of the method was assessed by analyzing MQC STDs of RIF and CC-I (8µg/ml each) at ±1nm of pre-identified wavelength of maximum absorbance for both RIF and CC-I. The results were calculated in terms of % RSD.
Ruggedness
Ruggedness of the method was established by analyzing triplicate samples of RIF and CC-I (8µg/ml each) on two different UV-Visible spectrophotometers viz. V-530, Jasco and BA-UV-2600, Bio age. Results were expressed in terms of % RSD.
Limit of Detection and Quantification
To determine the limit of detection and quantification (LOD and LOQ), the standard deviations (σ) of response and slope of calibration curve (S) were used. Detection of limit was calculated by 3.3×σ/S and quantification limit was calculated by 10×σ/S. 
Estimation of RIF and CC-I content in pharmaceutical formulation
In-house pharmaceutical formulation of RIF and CC-I was prepared by using pharmaceutically accepted excipients viz. lactose monohydrate, talc and sodium lauryl sulfate. Briefly, 4.5 gm RIF and 0.5 gm CC-I was uniformly mixed with 4.8 gm lactose monohydrate. Obtained mixture was blended with 0.1 gm talc and sodium lauryl sulfate.
In order to estimate the contents of above-mentioned pharmaceutical formulation, 5 mg of formulation was accurately weighed and transferred to calibrated volumetric flask. The contents were dissolved in 5 ml of methanol and obtained solution was filtered through 0.45 µm syringe filter. Filtered solution was suitably diluted and analyzed for RIF and CC-I content by using proposed UV-Visible spectrophotometric method.
RESULTS AND DISCUSSION
Determination of wavelength of maximum absorbance (λmax)
Identification of wavelength having maximum absorbance is prerequisite for quantitative UV analysis. Solution with absorbance value less than 1 were considered to be appropriate for the determination of wavelength having maximum absorbance. The full scan of RIF and CC-I solutions resulted into identification of 477 and 284nm as the respective λmax ( Fig. 3  and Fig. 4 ). The overlain spectra of both drugs are shown in Fig.  5 .For further studies, wavelength representing Iso-absorptive point i.e. 370 nm and the λmax of RIF i.e. 239 nm were used.
Method validation
Calibration Curve for RIF and CC-I, Linearity and Range
Linearity and range are the key parameters of analytical method which demonstrates the limit within the intended method to be used for its optimum performance. Concentration and the respective mean absorbance values of RIF and CC-I are depicted in Table 1 and 2. At 239 nm, following equations were obtained for RIF and CC-I y = 0.064X + 0.003 and y = 0.035X+ 0.003 ( Fig 6) At 370 nm, the equations obtained for RIF and CC-I were y = 0.040X + 0.004 and y = 0.039X +0.11 respectively ( Fig. 7) . Both the calibration curves were found to be linear over the concentration range under study. Proposed UV method was found to be linear and adherence to the system of Beers Law over the concentration range of 2 to 20 µg/ml for RIF and 1 to 24 µg/ml CC-I.
Accuracy
Accuracy is the measure of how close the experimental value is to the true value. The accuracy of an analytical method expresses the closeness of agreement between the values which is accepted either as a conventional true value or an accepted reference value. Accuracy of proposed UV method for RIF and CC-I was established in terms of recovery studies. The results of the recovery studies are depicted in Table 3 . Proposed method was found to be accurate
Precision
Precision of the assay was determined in terms of repeatability and intermediate precision, which was studied by comparing the assay results of 3 consecutive days. Considering the importance of reproducible and accurate results, Inter-day, intra-day precision of proposed analytical method was studied at concentrations 2, 8 and 14(µg/ml) respectively for RIF and CC-I to determine repeatability and intermediate precision.The results were expressed in terms of mean absorbance values, percent assay and % RSD for the intra-day and inter-day precision study, demonstrated in (Table 4-7) respectively for RIF and CC-I. Percent RSD values of intra-day precision study were found to be in between 0.21and 1.36 for RIF and between 0.13 and 1.94 for CC-I whereas those of inter-day precision study were found to be in between 0.21 and 1.77 for RIF and between 0.11 and 1.58 for CC-I. Percent RSD values were less than 2 demonstrated the precision of developed UV method.
Robustness
Robustness of analytical method is the ability of a method to resist the change in its performance in spite of small, deliberate change in method parameters. It is an important parameter of analytical method as a small, un-intentional change in method parameters like solvent composition, buffer strength and pH etc. may occur during routine use and may hamper the performance of said method. It is expected that such change should not alter the performance of the analytical method. Therefore, robust analytical method is preferred. The method was found to be robust as indicated by the % RSD values which are less than 2%. The % RSD values were found to be between 0.52 and 1.49 for RIF and between 0.38 and 0.90 for CC-I, shown in table 8 for RIF and CC-I respectively. Percentage RSD values were below 2 depict that the proposed UV method was robust in nature.
Ruggedness
Ruggedness of an analytical method is the degree of reproducibility of test results obtained by the analysis of the same samples under a variety of conditions such as different instruments, different elapsed assay times, different assay temperatures and different days etc. Rugged analytical methods are free from environmental/external factors impact. For proposed UV method, sample analysis resulted into % RSD values between 0.2 and 0.5 for RIF and in between 1.6 and 0.3 for CC-I. Results showed that the proposed UV method was rugged as % RSD values were less than 2, shown in Table 9 .
Limit of Quantification (LOQ) and Limit of Detection (LOD)
LOQ represents the lowermost concentration that can be analysed with acceptable accuracy and precision. LOD and LOQ of proposed UV method were found to be 0.014 and 0.043µg/ml for RIF whereas 0.12 and 0.37 µg/ml for CC-I (Table 10 ). Lower LOQ values indicated that the proposed method would be sensitive enough to quantify the RIF and CC-I content of samples at its lower level.
Estimation of RIF and CC-I content in pharmaceutical formulation
The developed UV method was successfully used for estimation of RIF and CC-I content in pharmaceutical formulation. The RIF and CC-I content in the pharmaceutical formulation was found to
